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SUMMARY 

An experimental tivestfgation was conducted to determfne the perform- 
ance characteristics of two side inlets of dissimLl.ar shape. One of the 
Fnlets was approldmately trapezoidal in cross section and the other was 
circular. The trapezoidal. inlet was investigated with both blunt and thin 
lips and, for both srrangemen ts, wan fitted with a 7° cwresslon ramp. 
No external compression surface was used with the circular inlet which 
was investigated with only one lip contour, Tests were made at Mach num- 
bers from 0 to 1.9, angles of attack from O" to loo, and,masa-flow ratios 
from 0 to the maximum obtainable. 

Of the inlets tested at supersonic speeds, the circular Inlet had _ 
the lowest drag, the highest net-propulsive thrust, and the largest stable 
range of operation. The advantage of the circular inlet over the trape- 
zoidal inlets, from a drag standpoint, was shown to be assotiated with 
the type of boundary-layerremoval fly-stem, the reduced angularity of the 
ekternal contours ti the ticlnity of the inlet entrance, and a smaller 
projected frontal area. 

For each of the inlets investigated, when the .magnLtude of the pres- 
sure pulsations started to increase, a flow asymmetry occurred in which 
one side of the air-induction system opa;ated at a higher .mass-flow ratio 
than the other side, 

Performance analysis for each of the inlets on the basis of a net- 
thrust parameter showed that a fixed inlet area could be used satisfacto- 
rily at Mach numbers up to 1.5. However, the circular Wet showed more 
favorable off-design operation, except at take-off. 
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The performance of side-scoop air-induction systems is dependent, 
in part, on the .magnitude of.the losses resulting from the interaction 
of the boundary layer in front of the inlet with the shock waves accompa- 
nying the supersonic compression. Stuce side Fnlets normally are placed 
in the proximity of the thick tiscous boundary layer of the fuselage, it 
has proven advantageous to move the compression surfaces out from the 
fuselage a distance about equal to the thickness of the boundary layer. 
This method of bleeding off the low-energy fuselage boundary layer before 
it reaches the inlet has met with some degree of success (refs. 1 to 3), 
but side inlets utilizing boundary-layer control have not attained the 
performance of nose inlets of sitisr designs. E-I addition, the systems 
used for diverting or removing the fuselage boundary layer from In front 
of the inlet may add a considerable drag penalty which is chargeable to 
the inlets. 

In the present study, two inlet types, one trapezoidal and the other 
circular in shape, were investigated. The trapezoidal inlets were, in 
general, sitilsr to other side-inlet designs having compression ramps in 
front of the entrance. About 30 percent of the entrance perimeter of the 
trapezoidal inlets is adjacent to the fuselage boundary layer. The pres- 
sure drag on the wedge faces, the friction drag on the surrounding sur- 
faces, and the mixing losses involved in directing the bleed flow down- 
stream of the inlet contributes substantial drag penalties on side-inlet 
air-induction systems. In order to minimize the interference and mixing 
losses to the flow near the fuselage as it is directed around the air- 
induction system, circular side inlets were designed. A simKiar circular 
scoop inlet has been investigated and fs reported in references 4 and 5. 
In these studies the scoop inlet was located forward on the fuselage near 
the apex of the nose where the fuselage boundary layer is thin. With 
circular inlets located one boundary-layer height away fram the fuselage, 
the entrance perimeter has only point contact with the thick viscous 
boundary layer. The mixing losses of the boundaryLLayer flow around the 
circular inlet are believed to be less than those for the trapezoidal 
inlets: It is believed that reductions in the .w losses can occur 
if the boundary layer beneath the inlet is not confined in a narrow 
passage. Also, somewhat lower pressure drag of the circular-inlet 
boundary-layer bleed surfaces would be expected since, in the present 
application, the wedge diverter has a lower equivalent angle. 

Because of the mown mix- and viscous forces, and the distortion 
of the flow field into which the inlets are placed, it is not possible to 
predict theoreticaLly which of the two inlets would result in the best 
propulsive effort. Accordingly, an experimental investigation was made 
to compare the drag, pressure recovery, and mass-flow characteristics of 
the trapezoidal and circular side inlets. The,performasces of the inlets 
are compared analyticaLLy by means of a net-thrust parameter. 

. 

. 



The results of the experimental investigation are presented herein 
for Mach numbers of 0, 0.9, 1.3, 1.5, 1.7, and 1.9 at a constant txmnel 
stagnation pressure of 10 pounds per square inch absolute. 
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area, sq ft 

net drag coefficient, 2. 
@ 

netdrag,lb (measured dragminus internal drag) 

Mach r3.uniber 

mass flow through inlet (measured at compressor station), 
slugs/set 

ratio of the mass flow through the Wet to the mass flow at 
the free-stream conditions passhg through an area equal 

to the inlet entrance area P&cVc 
PoOAiVC3 

normal-shock pressure recovery 

static pressure, lb/sq ft 

total pressure, lb/sq ft 

total-pressure ratio at the compressor station 

dynsmh pressure, lb/sq f-t . 

Reynolds number 

m a=, 8.703 sq fi 

net thrust with isentropic preesure recovery, lb 

net thrust with measured pressure recovery, lb 

velocity, ft/sec 

air-flow parameter, lb/set f-t2 
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Ma air-flow rate, lb/set 
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a 

6 

angle of attack of fuselage reference axis, deg 

compressor station total. pressure divided by NACA sea-level 
static pressure 

net-thrust parameter, -D 
+ 

8 absolute total temperature divided by absolute KK!A ambient 
sea-level temperature 

P ma88 density of air, slugs/cu ft 

i%bBCl?iptB 

C 

i 

m 

compressor station 

irlet entrance station 

free-stream condition 

APPARATUSANDPPU.XDURE 

The partial model of the fighter-type airplane used in the tests 
was sting mounted in the Ames 6- by 6-foot supersonic wind tmel. One 
of the two inlets used in conjunction with the model had an approximate 
trapezoidal cross-sectional area, and the other was of circuI.a~? C~OSB 
section. A blunt.lip and a th$n IUp were tested with the trapezoidal- 
Bhaped inlet, but only one relatively ehazp lip W&B used with the circular 
Met. Two body cross-sectional areas were tested tith the circular inlet, 
These inlets are referred to in the remainder of this report as the blunt- 
lip inlet, the thin-lip inlet, the circular Met, and the circular Met 
plus area. Photographs of the model. with the blunt-lip inlet and the 
circular inlet, ahowing the approximate trapezoidal and circular shapes, 
respectively, are presented in figures 1 and 2. A compszL,son of the inlet 
region for the three Wet configurations can be seen in the photograph 
of figure 3. The blunt- and thin-lip i&Lets had 7" compression surfaces 
ahead of the inlet but the circular inlet had no external compression 
surface. All Mets had a negative ticidence of 4' relat.ive to the fuse- 
lage reference plane. The Mets were designed for operation at Mch 
numbers from 0 to 1.5. l - 
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The differences in the lon&&inal area distribution of the air- 
induction model tith each of the inlets (fig. 4) were kept small. Lip 
coordtites Bre given Fn figure 5. The variation of the diffuser internal 
area for each Inlet shape is BhOWn in f-e 6. A schematic compari8on 
of the fuselage boundary=layer diverter wedges for the three-inlets is 
given in figure 7. 

. 

Figure 8 is a sketch show the location and number of tubes of the 
tot&l- and static-pressure tubes at the Bimulated ccnnpressor inlet, and 
the position of the pressure cells for meaeuring air-flow fnstabillty. 
The ma58 flow through the model obtain& from total- and static-pressure 
measurements at the campreesor Wet was calibrated against an A.S.M.E. 
orifice ,meter prior to the wind-tunnel tests. The calibration factor 
fram these bench tests and the integrated total and static pressures were 
used in obtaining the 1~88 flow through the model during the nlna-tunnel 
investfgatlon. The quantity of air flow through the duct was regulated 
by a .movable plug at the exit of the model (Bee fig.8). The pressure 
cells used tithe investigationwere of the Btrain-gagetypewhichhave 
response invBriant with frequency from 0 to 10,000 cycles per second. 
However, the carrier current amplifier and recording osciXLograph appctratus 
reduce this linear frequency range n 0 to 10,000 cycles per second to 
approximately 0 to 500 cycles per BecOnd for the over-all Instr'LmIentation. 
Values of the xm3xWum total amplitude of the pressure puleations were 
-obtained fram presBure4Lme records of the strain-gage pressure cell 
.mounted in the duct system. 

Reference 6 Fndfcates that the boundBry layer on bodies of revolution 
tested at the Reynolds members of thLs investigation could be in a transi- 
tional range. To insure that the frictional forces would remain relatively 
constant, transition wa8 fixed on the noBe of the body (two O,Ol-inch- 
diameter wfree l/2 inch apart, the f3rBt wire 1 inch from the t?tp) and 
near the leading edge of the lip of the inlet (one 0.01~inch-diameter 
wire, l/2 inch from the leading edge of the lip). The drag increment 
between each configuration is unaffected by the presence of the transition 
wires since the wires were instalLed identically on each configuration. 

A six-component strain-gage balance inaide the model was used to 
measure the forces. In the reduction of data, the forces developed by 
the internal flow Bnd the base forces were subtracted from the balance 
measured values, The internal force is defined aB the change 3x1 total 
,mamentum of the entering stream tube from the free atream to the exit of 
the model, and is thuB conaietent with the usual deffnition of jet-engtie 
thrust. The total momentum of the stream tube at the exit of the model 
was calculated by us&g the corrected ma88 flow through the duct and the 
area-weighted average total preBsure at the rake station, 

Tests were made for a range of maee-flow ratios from 0 to the maximum 
obtainable, Bnglesof attack u@ to ILOo, and Mach rnnnbers of 0, 0.9, 1.3, 
1.5, 1.7, and 1.9. Rcag data BX~ not presented at I& = 1.3 because the 
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reflection of the bow shock wave from the tunnel wall tite??seCted the 
afterportion of the model. Except for the static tests (s = 0) and 
J& = 1.3, all experiments were made with a constant tunnel stagnation 
pressure of 10 pounds per square inch absolute. The Reynolds number per 
foot is given in the following table. 

Mach number Reynolds number per foot, 
million 

0.9 3.0 
1.3 2.5 
1.5 2.9 
1.7 2.8 
1.9 2.6 

RESULTS 

. 

The pressure recovery for the simulated take-off (Q = 0) is given 
in figure 9 for the three inlets. Compsrjsons of the pressure recovery 
and drag for the blunt-lip inlet, the thin-lip inlet, and the circular 
inlet are presented in figure 10 for Mach numbers of 0.9, 1.3, 1.5, 1.7,. 
and 1.9 at an angle of attack of k". Angle-of-attack performance, which 
was obtalned only for the blunt-lip inlet and the circular inlet, is 
given in figures 11 and 12 for Mach numbers of 0.9 and 1.5. Schlieren 
photographs at a = 4O-and B& = l-5 (fig. 13) show the shock-wave patterns 
characteristic of each of the three inlet configurations. Atypical 
pressure-time record for one of the strain-gage pressure cells is shown 
in figure 14, Barn such records the maximum to-&L amplitude of the-pres- 
sure pulsations Ln the duct W&B determined for each test point, these --- 
points being recorded on figure 15 for the three Met configurations. 
Representative contour maps of the total-pressure recovery at the com- 
pressor station are shown Fn figure 16 for each inlet at s = 1.5 for 
a mass-flow ratio of approximately 0.9 and 0: = 4'. 

DISCUSSION 

Pressure Recovery 

A survey of the literature on normal-shock inlets (refs. 7 to 12) 
indicated that a normal-shock scoop-inlet installation might prove satis- 
factory for Speeds up to a Mach number of 1.5, although the pressure 
recovery of the scoop-type inlets is, generally, lower than for nose . 
~rii&S. It was found in this investigation, however, that the circular 
inlet gave nearly equal or somewhat higher recoveries than the nose Fnlets 
of references 8 and 12, I 
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At Mach numbera of 0.9 and 1.3, the pressure recovery of the circular 
inlet was not BignIficantly different from the blunt-lip and thin-lip 
inlets. At higher Mach numbers, the ramp-type inlets tested had higher 
pressure recoveries at mass-flow ratios greater than about 0.8 (see fig. 
10). It should be noted, however, that inBtaUation of a compression 
surface in the cticular inlet could increaBe the pressure recovery at the 
higher maas-flow ratios at Mach numbers above about 1.5. The increase in 
pressure recovery above that for a normal shock, shown for the circular 
inlet at mass-flow ratfos below 0.8, appeared in the schlieren photographe 
of figure 13(c) to be caused by an oblique shock formation in front of the 
inlet and the fact that the separated boundary layer did not enter the 
inlet. 

There was very little difference in the pressure recovery between the 
blunt-lip and t&-lip inlets over the major portion of, the mass-flow 

rw3e. However, the blunt-lip Wet, generally, had slightly higher 
values of pressure recovery in the region of maximum mass-flow ratio at 
allMachn~~~bers, and in the take-off condition (l& = 0, fig. 9) it was 
definitely superior to efther the thin-lip or cLr&lar inlet. 

Figures U(b) and 12(b) show that the pressure recovery of both the 
blunt-lip and circular inlets at a Mach nrnnber of 1.5 was insensitIve t0 
changes Fn angle of attack (between O" and loo). At M, = 0.9 and mass- 
flow ratios greater than about 0,80, the pressure recovery was reduced 
for angles of attack above 4O w$th the circular inlet and above '7" with 
the blunt-lip Wet. For the blunt-lip inlet, at k = 0.9, a di~con- 
tinulty is evident in the pressure recovery for angles of attack above 
and below 4' at a mass-flow ratio near 0.55: ThiB sudden reduction in 
recovery occurred in conjunction with large pressure fluctuations in the 
duct. 

One of the advantages of the circular inlet over the trapezoidal 
inlets for thiB airplane is the decrease in volume of the structure 
surrounding the duct system, because of the structural superiority of the 
circular shape. This decrease ti internal structure would be reflected 
in reduced angularity with respect to the free-Btream Section of the 
external contours af the model in the vicinity of the inlet. The lone- 
tudinal area diatributlon for the air-induction model with the various 
inlet configurations, figure 4, shows that the maldmum cross-sectionaL 
area of the model w?th the circular Wet is slightly less than either 
the blunt- or thin-lip inlets. ExperimentBJ. tests made tith the circular 
inlet having its maximum CXOBB-BeCtiOId. area increased to that of the 
blunt-lip inlet (see figs. 4 and lo), showed that the cross-sectional-area 
increase accounted for a 0.0004 increment in CD at supersonic speeds, and 
had no measurable effect at & = 0.9. Certati etistfng structural members 
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however, restricted further changes in angularfty of the duct, surfaces; 
thus the maximum drag reduction possible could not be realized on the 
circular-inlet model. E 

At Q = 0.9 the drag coefficients of the three inlet configurations 
were about the same (fig. 10(a)). HoweVer, the thin-lip inlet and the 
circular inlet had considerably lower drag coefficients than the blunt- 
lip inlet at supersonic speeds. The drag difference between the blunt- 
lip and the thin-lip inlets was about what would be expected from previous 
research reported ti reference 8. The magnitude of the decrease ti drag 
resulting from use of the circular inlet, aspming a total drag coefficient 
of the airplane in high speed flight (G = 1.5) of 0.0235, would reduce 
the airplane drag 10 percent over the configuration using the blunt-lip 
inlet and 5 percent over the th3n-lip inlet configuration. This reductfon 
In drag may be partly the result of the previously mentioned external 
contouring advantages of the circular inlet, but, as mentloned in the 
Introduction, is believed to be due mainly to the difference in the 
boundary-layer diverter systems. 

The increase in drag with increasing angle of attack (above 4O) is 
less rapid with the circular inlet than with the blunt-lip inlet at Mach 
numbers of 0.9 and 1.5 (see figs. 11 and 12.) However, the drag rise 
between O" and 4O is small for either inlet at both subsotic and euper- 
sonic speeds. 

Air-flow Stability 

The criterion used to indicate the degree of instability of the 
inlets tested was the maximum total amplitude of the pressure pulsations 
.meaBured by the pressure cells in the duct- system. Examination of the 
pressure-time records showed the pressure~pulsations to be random, and to 
have a maximum frequency of about 450 cycles per second (Bee fig. 14). 
These records showed thst the start of "buzz" (Bee-fig. 15) W&B at lower 

.- 

mass-flow ratios and that the matimum amplitude of the pressure pulsations 
wa8 much less for the circuJar inlet than for either the blunt- or thin- 
lip inlets. Although the maximum pressure amplitude in the cfrcular inlet 
diffuser never exceeded 5 percent of the.total pressure, lotier oscillation 
amplitudes over a tider mass-flow range .might be expected by increasing 
the distance between the fuselage and the adjacent circular entrance. A 
possible explanatian forthelower pressure pulsations in the circular 
inlet may be that the circular inlet sUows a major portion of the air 
separated by shock-wave boundary-layer titeraction to pass around the 
inlet. A somewhat similar argument may be obtained from an Investigation 
of a-normal-shock Met reported in reference U. When the normal shock . 
W&B in front of the splitter plate of the'modified inlet (ref. ll), a 
portion of the separated air was removed by the boundary-layer bleed 
system and the .magnitude of the oscillation amplitudes was reduced. a-- 
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Prom the records of the pressure pulsations ti the duct, and from 
visual. Bchlieren and,manometer-tube observations, it wag noted that when 
the magnitude of the flow &stability increased rapidly, a flow asymmetry 
usually occurred (see fig. 13(a)). The inlet on One sfde of the model 
had a larger air flow through it than the inlet on the opposite side, 
with the result that the buzz was BLBO more severe on the side Wet with 
the lowest air flow. A sTmJJar phenomenon has been observed in other 
side-inlet tistallations, both at subsonfc (ref. 13) and at supersonic 
Speeds (ref. 14) where the duct- from two inlets join in a couunon 
chamber. 

. 

At the high subeonfc speed of these tests, & = 0.9, and at low mass- 
flow ratios (m/Q less than about 0.5), instability occurred for the 
blunt-lip inlet at angles of attach above and below 4O, and for the thin- 
lip inlet at 4O, Evidence of the fnstability can'be seen both from the . 
tierease Fn the total amplitude of the pressure pulsations (fLg. 15(a)) 
and from the pressure-recovery mass-flow ratio curves of figure U(E). 
The instability probably was triggered by separation on the ramp and ti 
Borne instances resulted in the twin-duct type of instability. For the 
circdar inlets at subsonic speed, no internal flow instability occurred 
at any of the angles of attack tested (figs. 12(a) and 15). 

. 

The performance 

Total Preesure Distributfon 

Of a jet engine in combination tith an air-induction 
system has been found to be a function of both the average pressure of 
the air delivered to the engine, and the radial and clrc&ere&3al pres- 
sure distribution of the flow at the entrance to the compressor. Poor 
distribution can also produce severe vibratory stresses. Representative 
contour maps BhO'KLng the pressure variation at the capressor entrance 
indicate differences in the radial and circumferential total pressures 
of about k7.0 percent, 
.m/mD, = 0.9). 

at a simulated high-speed condition, (M, = 1.5, 
A study of these plots (fig. 16) and of data at other fUght 

conditions Lndiqates the same degree of nonuniformity in radial and 
peripheral total presBure distribution for the three inlet configurations. 

c 

It should be pointed Out that at lower mass-flow ratios than those 
presented in figure 16 the pressure variations tithe duct were mOre 
uniform, wh-lle the distribution at higher ~&SE flow was less uniform. 

Net Propuleive Force 

A significant performanc e camparison of the three inlets tested 
involves a conversion of the drag force and the preseure recovery Vito 
a 63ngl.e net-thrust psrameter, The inlets must also be compared at the* 



actual operating points, At the opera-t- (or 'klxhed") condition, the 
air supplied by the inlet must be equal to the air required by the engine 
(for this analysis the JT3C-20 engine was assumed). The method used and 
the assumption tivolved in this performan ce andy-sfs are given in refer- 
ence 8. The only modification to the method outlFned in reference 8 is 
that in the present report a net-thrust parameter is used, while Fn 
reference 8 the results were given in terms of an effective drag coef- 
flcient. The drag force used in the computations is for the fuselage 
and air-induction system shown in figures 1 and 2, and does not include 
the drag of wing or tail surfaces. 

The results .of the analysis for each of the three inlets investigated 
are given in figure 17. Ln general, the circular inlet can be seen to 
have considerably better net propulsive thrust than either the blunt- or 
thin-lip trapezoidal inlets. At supersonic speeds, the thin-lip inlet 
gives a higher net-thrust parameter than-the blunt-lip inlet. It should 
be noted that at supersonic speeds the change in the net&&rust parameter 
with inlet area (or mass-flow ratlo) is much less for the cticular Wet 
than for either the blunt- or thin-lip inlets; indicating a more favorable 
off-design performance for the circular inlet. 

- -- 

The inlet erea of 4.U square feet appears to be a good compromise 
when the performace in the speed range from 0 to 1.5 is considered. 
Somewhat higher performace at supereonie speeds can be attained with an 
inlet area of 3.5 square feet; however, severe performance losses are 
incurredduring subsonk operation. 

It should be remembered that the inlets tested were designed, 
primarily, for operation at Mach numbers up to 1.5. By designing the 
inlets for operation at higher Mach numbers the net-thrust parameter 
would be changed considerably at all speeds. 

CONCLUSIONS 

The follow3ng conclusfons~were obtakxd from an investigation at 
Mach numbers from 0 to 1.9 of a side4nlet air-induction system for a 
fighter-type airplane: 

1. Of the inlets tested at superson3.c speeds on the air-induction 
model,the circular inlethadthelowestdrag,highestnetpropulsive . 
thrust, and largest stable range of operatfon, 

2. The advantage of the circular inlet over the trapezoidal inlets, 
from a drag standpoint, appeared to be assoc-lated with the combined effects _ 
ofthetype system, reduced angularity of the 
external contours near the lip entrance, and a smaller projected fron-tal 
=-a. # 
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3. For the trapezoidal inlets at supersonfc speeds, the thin-lip 
design had less drag than the blunt-LLp des@n, 

4. At M, = 1.5 the variation of pressure recovery with angle of 
attack up to F was insignificant for either the blunt-lip, trapezoidal 
inlet, or the circular inlet. 

5. The flow instability encountered with these Mets wa6 accom- 
panied, usually, by a flow asyumeky in which the inlet on one side 
operated at a higher mass-flow ratio than the inlet on the other side. 

6, Analysis of the inlet performance on the basis of a net-thrust 
parameter showed that a fixed inlet area could be wed satiefactorily at 
Mach number6 up to 1.5. The circular inlet al60 showed more favorable 
off-design operation, except at take-off. 
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Figure l.- Photograph of the ajr-induction model with the blunt-Up InLet. 
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Figure 2.- Photograph of the air-induction model with the circular inlet. 
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Figure 3.- Photograph showiag the inlet region for the blunt-lip, thin-Up, and cimxlar inlets. 
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Figure 4.- kea dfstribUtiOn of the air-Induction model with the blunt-lip inlet, the thin-lip 
inlet, and the circular inlet. 
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F3.gure 8.- Sketch of the air-lJc&ction model.. 
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Figure lo.- Continued. 
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Figure 10.9 Concluded. 



NXA RM A55D2’7 a 27 

.04 

.03 

CD 

.02 

0 

A Q=7O 

0 .2 .4 .6 .0 I.0 1.2 

(a) -0.9 
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(a) Blunt-lip inlet. 

Figure 13.- SchLkren photographs of air-induction model.; 
M, = 1.5, a = 4O. 
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(b) Thin-lip inlet,. 

Figure 13.- Continued, 
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Figure 13.- Concluded, 
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Figure IL&,- Typical time-pressure records of the preeeure pulsations, 
thin-lip inlet; a = 4'. 
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